Pteasetjpeaplussgi (^htifebcK 

o 
10 



□ 



i-n- ^ 



if 



PTOBBC5(1«6) 



ApprcMedtr use trou^i 9003000. 0/B 0651-0)32 
Patent and Trademark Office: U .S. DEPARTMENT OF COMMERCE 

Ureter ttePapen^Redjr^ 



UTILITY PATENT APPLICATION AND FEE TRANSMITTAL 

(Onfyfcrnexnonfmtisionalappkat^ 1.53(b)) 

Attorney Docket No. CELLOO 1 7 
Date: My 14, 2000 

inventor(s): Thomas Schwalbe, Sebastian Oberbeck, Klaus Golbig, Michael Hohmann, and Andreas Oberbeck 



i-4 



Title 



SEQUENTIAL REACTION SYSTEM 



o 



Full NameofFir$tNamedInvewor:_ 
Residence Address of Inventor: 



Thomas Schwalbe 



Lessingstrasse 3. D-61 1 1 8 Bad Vilbel. Germany 



Country of Citizenship: Germany 



OJ 



fi/ti Name of Second Named Inventor : Sebastian oberbeck Countryof Citizenship : Germany 

ResidenceAddress of Inventor: dianaburgstrasse 19, d-35753 greifensteir Germany 



in 
o 



Full Name of Third Named Inventory 
ResidenceAddress of Inventor: 



KLAUS GOLBIG 



Countryof Citizenship: Germany 



eichenheege 20, d-63477 maintal-doermgheim. Germany 



fyu. Name of ifth Named iNVEHTORi 
tjksiDENCE Address of Inventor: 



Andreas oberbeck 



Countryof Citizenship: Germany 



HUNDGASSE 6. D-56205 WIESBADEN, GERMANY 



IMjllNameofFourthNamedInventor : Michael Hohmann Countryof Citizenship : Germany 

i&siDENCE address of Inventor : Dieburger Strasse 23 8, p-64287 darmstadt, Germany 



^plication Elements 

5ee MPEP chapter 600 concerning utility patent application contents. 



Address to; 



AFee Transmittal (BELOW) 
& X Specification 

®X.Drawing(s) (35 U.S.C. 1 13) 
Oath or Declaration 



Assistant Commissioner for Patents 
Box Patent Application 
Washington, DC 20231 



[Total Pages 38 1 

[Total Sheet s 4 1 [FORMAL] 
[Total Pages ] 



Newly executed (original or copy) 



b. Copy from a prior application (37 C.F.R. § 1 .63(d)) (for continuation/divisional with Box 17 completed) [Note Hem 5 below] 

ii. DELETION OF INVENTORY Signed statement attached deleting inventors) named in the prior application, see 37 C.F.R. §§ 
1.63(d)(2) and 133(b). 

5. Incorporation By Reference (useable if Box 4b is check) 

The entire disclosure of the prior application, from which a copy of the oath or declaration is supplied under Box 4b, is considered to be part of the 
disclosure of the accompanying application and is hereby incorporated by reference therein. 

6. Microfiche Computer Program (Appendix) 

7. Nucleotide and/or Amino Acid Sequence Submission (if applicable, all necessary) 

a- Computer Readable Copy b. Paper Copy (identical to computer copy) c. Statement verifying identity of above copies 

ACCOMPANYING APPLICATION PARTS 

8. Assignment Papers (cover sheet & document®) 

9. 37 C.F.R. § 3.73(b) Statement (when there is an assignee) 

10. English Translation Document (if applicable) 

1 1 ._lnformation Disclosure Statement (IDS)/PTO-1449 Copies of IDS Citations 

12. Preliminary Amendment 

13 J(_Retum Receipt Postcard (MPEP 503) (Should be itemized specifically) 

1 4. _*SmalI Entity Statements) Statement filed in prior application (PTO/SB/09-1 2) 

*A new statement is required to be entitled to pay small entity fees, except where one has been filed in a prior application and is being relied upon. 

15. Certified Copy of Priority Document® (if foreign priority is clamed) 

16. Other 



Power of Attorney 



Status still proper and desired 



CELL00 1 7- 1 - 1 27\New App Trans Ltr.doc 



PAGE 1 OF 2 



17. If a CONTINUING APPLICATION, check appropriate box, and supply the requisite information below and in a preliminary amendment 



Continuation 



Divisional 



.Continuation-in-part (CIP) of prior application No: /_ 



Prior application information: Examiner 
18. CORRESPONDENCE ADDRESS 

Correspondence address below: 



Group /Art Unit 



Ronald M. Anderson 
LAW OFFICES OF RONALD M. ANDERSON 
600 - 108th Avenue N.E., Suite 507 
Bellevue, WA 98004 

Telephone: 425-688-8816 Facsimile: 425-646-6314 



FEE TRANSMITTAL 



METHOD OF PAYMENT (check one) 



FEE CALCULATION (continued) 



1 . The Commissioner is hereby authorized to charge indicated fees and 

credit any over payments to: 

Deposit Account Number 01-1940 

Deposit Account Name: Law Offices of Ronald M. Anderson 

Charge Any Additional Fee Required Under 37 CFR 1.16 & 1.17 

Charge the Issue Fee Set in 37 CFR 1 . 18 at the Mailing of the Notice 

of Allowance 



2. 



.Payment Enclosed: 
Check (No.__ 



J Money Order. 



Other 



X Payment NOT Enclosed: 



FEE CALCULATION 



1. BASIC FILING FEE 



Fee Description 


Fee Paid 


Utility filing fee 


$ 345 


Design filing fee 


$ 


Plant filing fee 


$ 


Reissue filing fee 


$ 


Provisional filing fee 


$ 



SUBTOTAL (1) 



$ 



aj EXTRA CLAIM FEES 

LbJ Extra Claims 



Fee from below Fee Paid 



l&ial Claims 


-20 = 


X 


$9 


$ 


Independent Claims 


- 3 = 


X 


$39 = 


$ 


Multiple Dependent 


-0- 


X 


$130 = 


$ 



SUBTOTAL (2) 



FEES (SUBTOTALS (1) & (2) 



$ 



$ 



3. ADDITIONAL FEES 

Surcharge - late filing fee or oath 

Surcharge - late provisional filing fee or cover sheet 

Non-English specification 

Request for reexamination 

Requesting publication of SIR after Examiner action 



3. ADDITIONAL FEES (Continued) 

Fee Description 
Requesting publication of SIR after Examiner action 

Extension for reply within first month 

Extension for reply within second month 
Extension for reply within third month 

Extension for reply within fourth month 
Extension for reply within fifth month 
Notice of Appeal 

Filing abrief in support of an appeal 

Request for oral hearing 

Petition to institute a public use proceeding 

Petition to revive - unavoidable 

Petition to revive - unintentional 

Utility issue fee (or reissue) 

Design issue fee 

Plant issue fee 

Petitions to the Commissioner 

Petitions related to provisional applications 

Submission of Information Disclosure Statement 

Recording each patent assignment per property (times number of 
properties) 

Submission after final rejection (37 CF.R 1 . 129(a)) 
Add'l invention to be examined (37 CFR 1 .129(b)) 
Other fee (specify) 



Fee Paid 



SUBTOTAL (3) $ 



TOTAL FEES ENCLOSED: $ -0- 



Typed/Printed Name Ronald M. Anderson 

Signature 'f€*ff)f\ Ok^^ff^^j^rn^ 



Registration Numbe r 28,829 
Date: July 14. 2000 



EXPRESS MAIL CERTIFICATE 

Express Mail Label No. EL542941286US Date of Deposit: My 14, 2000 

I hereby certify that this paper or fee is being deposited with the United States Postal Service "Express Mail Post Office to Addressee" service under 37 
CF.R. § 1 .10 on the date indicated above and is addressed to the Commissioner of Patents and Trademarks, Washington, D.C. 20231 . 

Mi chelle L. Brien 

(Name of person mailing paper/fee) (Signature of person mailing paper or fee) 



PAGE 2 OF 2 



CELL0017-l-127\New App Trans Ltr.doc 



? ■ } 

-1- 



SEQUENTIAL REACTION SYSTEM 
Field of the Invention 

This invention generally relates to a chemical processing apparatus, and more 
m specifically, to a system for automatically controlling a plurality of sequential chemical 
J35 reactions. 

M Background of the Invention 

™ Apparatus for controlling and optimizing the production of chemical substances are well 

01 known in the prior art. Factors affecting the design of chemical production equipment and of 

+' t * 

~" controlling the equipment include the chemical properties of the desired product and the reactants 

:~f 0 used, the temperature and pressure required, and the required product volume or production rate. 

M< Chemical processing equipment can be specifically designed for a particular reaction, or can be 

2^ designed to be more generally applicable to a variety of chemical reactions. 

£3 For example, the chemical processing equipment employed in large scale production 

facilities is often optimized for high volume production of a single desired product. In contrast, 
15 research laboratories typically use chemical processing equipment designed to produce relatively 
small volumes of many different products. 

Chemical reactors that can be used for more than a single chemical reaction are most 
suited in processes that require several different sequential reactions. For example, in research 
settings, small volumes of a number of different yet closely related chemicals may be required, 

20 requiring that a series of related yet different chemical manipulations be executed. For such an 
application, a single reactor can be used to sequentially produce a plurality of different products, 
by continually providing the reactor with different mixtures of reagents. When the research is 
directed toward determining optimum parameters for producing a single product, different small 
batches of the same product are often sequentially produced, under varying process conditions, so 

25 that the optimal reaction parameters can be determined. 
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One of the highest costs of research is associated with skilled labor. Accordingly, it is 
preferable to automate chemical processing systems used in a research environment to the extent 
practical. Indeed, it would be desirable to employ a fully automated chemical processing system 
that is capable of operating continually with minimal operator supervision to generate the desired 
5 products. Such a system should preferably include a reactant supply system capable of providing 
a variety of different selected reactants upon command, so that a plurality of different products 
can be sequentially produced without operator supervision. Such a system would likely require a 
product collector capable of separately storing the different desired products that are produced. 

U.S. Patent No. 5,324,483 (Cody et al.) describes a device that includes a plurality of 
10 chemical reactors operating in parallel and having the ability to simultaneously synthesize 
many different compounds. However, given the available space and funding constraints 
31 under which many research facilities operate, it would be preferable to employ an automated 
%j system with a single reactor that operates continually, with minimal operator attention over a 
y period of time, to provide different selected desired products. 

ml 5 To produce some types of desired products, reactants must undergo a sequence of 

^ reactions. Again, in a research laboratory, it would be preferable to carry out such reactions using 
a single chemical processing system. For example, in the field of biotechnology, many sequential 
fj\ reactions are often required to produce a desired product. Peptides, which are sequences of 
t; amino acids, are extremely useful research chemicals that are produced by successively adding 
20 selected different amino acids, in the proper order, to a base amino acid or peptide. U.S. Patent 
No. 4,748,002 (Neimark) describes a semi-automated chemical processing system optimized to 
produce different peptides. The system includes a plurality of different reaction chambers 
operating independently of each other. A reaction chamber is charged with a base amino acid, 
and the desired peptide is produced by adding additional amino acids with the base amino acid, 
25 one by one. Between reactions, the current intermediate product is stabilized and rinsed before a 
new reaction is initiated by adding the next amino acid. The desired product is not removed from 
the system until the last amino acid in the sequence has been added, and the entire process may 
require up to 10 days. While the system disclosed by Neimark enables sequential reactions to be 
achieved, by its design, the system is optimized and essentially dedicated to the task of 
30 synthesizing peptides, and is not useful for most other chemical processing needs. 

Recently, much attention has been directed to the use of micro-scale reactors both for the 
development and production of chemical products, particularly in research applications. 
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Chemical processing systems that employ microreactors offer several clear advantages over more 
conventional macro-scale chemical processing systems related to cost and efficiency. 
Accordingly, it would be desirable to provide a sequential chemical processing system that 
employs a microreactor. The prior art does not teach or suggest such an automated, sequential 
5 microreactor-based chemical processing system. By operating continuously, such a system can 
readily be employed in accumulating substance libraries that will be useful in many different 
research applications. 

Summary of the Invention 

In accord with the present invention, an automated sequential reaction system for 
10 sequentially producing a substance library of desired chemical products from a plurality of 
□ reactants is defined. Such an automated sequential reaction system includes a system 
Or?" controller adapted to monitor and control the production of the plurality of desired chemical 
["". products by the sequential reaction system, and a first automated reactant supply than 
Q includes a plurality of separate reactant chambers, each reactant chamber being adapted to be 
SglS filled with a reactant. The automated reactant supply is controllably connected to the system 
L controller, such that each reactant chamber can be selectively placed in fluid communication 
%J with a reaction module to provide a first reactant. In one embodiment, a supply valve is 
J T i actuated by the system controller to select the first reactant. The reaction module is also 
y controllably connected to the system controller, enabling the automatic production of 
20 successive desired chemical products from the reactants supplied by the automated reactant 
supply. The reaction module includes a general purpose reactor operable to produce a 
plurality of different desired chemical products from automatically selected reactants. The 
automated product collector includes a plurality of different product chambers, each adapted 
to be filled with a different desired chemical product, and the automated product collector is 
25 controllably connected to the system controller, which selectively directs the desired 
chemical products being discharged from the chemical reactor to a selected product chamber. 

In one embodiment, the automated reactant supply includes a solvent chamber in 
addition to the plurality of reactant chambers. The solvent chamber is selectively placed in 
fluid communication with the reaction module so that solvent contained in the solvent 
30 chamber can be used to flush the reaction module. Similarly, the automated product collector 
preferably further comprises a spent solvent chamber; the spent solvent chamber is adapted to 
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be filled with a spent solvent that has been used to flush the reaction module, under the 
control of the system controller. 

Alternatively, a separate solvent supply and spent solvent reservoir can be included in 
the automated sequential reaction system. In this alternative embodiment, the solvent supply 
5 is selectively placed in fluid communication with the reaction module by the system 
controller, enabling a flow of solvent through the reaction module. Spent solvent exiting the 
reaction module is directed by the system controller through an outlet valve controlled by the 
system controller, and into the spent solvent reservoir, rather than into product chambers. 

Preferably, the automated sequential reaction system also includes a detector in fluid 
10 communication with an outlet of the reactor, and controllably connected to the system 
O controller. The detector produces a signal indicative of the type of material being discharged 
pi from the reactor outlet, so that a desired chemical product is directed to the automated 
n product collector, and the spent solvent is directed into the spent solvent reservoir. If no 
O detector is included, the system controller can direct the material exiting the chemical reactor 
ml 5 into the automated product collector or the spent solvent reservoir based on the known flow 

rates of the reactants and solvent through the reaction module. 
SI The automated sequential reaction system preferably also includes a heat exchanger, 

'if* controllably connected to the system controller and in fluid communication with the reaction 
y module, which provides a temperature-conditioned fluid that is circulated through the 
20 reaction module so that the system controller can control a temperature within the chemical 
reactor. A pump included in the automated sequential reaction system is controlled by the 
system controller to achieve a flow rate of the reactants or solvent through the reaction 
module. The pump has an inlet in fluid communication with the automated reactant supply 
(or supply valve) and an outlet in fluid communication with an inlet to the reactor. 
25 In one embodiment, the chemical reactor is a microreactor. The automated sequential 

reaction system may include a residence time chamber in fluid communication with an outlet 
of the reactor and with an inlet of the detector to provide additional time for the desired 
chemical product to be produced. A second automated reactant supply is included in one 
preferred embodiment, the second automated reactant supply being controllably connected to 
30 the system controller so that each separate reactant chamber in the additional automated 
reactant supply can be selectively coupled in fluid communication with the reaction module 
to supply a second reactant to the reaction module to form the desired chemical products. 
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Preferably the system controller includes a memory, a processor, and a user interface. 
The memory stores machine instructions that are executed by the processor to effect 
automatic control of the automated sequential reaction system. In one embodiment, the 
system controller is a personal computer. 
5 Another aspect of the present invention is directed to a method for producing a 

substance library of chemical compounds. The method employs a chemical processing 
system that includes a reactant supply containing a plurality of reactants, and a chemical 
reactor. The steps of the method are generally consistent with the functions of the elements 
in the apparatus discussed above. 
10 The present invention can also be used to sequentially generate a substance library 

whose products require a production process that includes a series of sequential reactions. 
01 The system controller automatically controls the production process, by selecting reactants 
%j from a plurality of automated reactant supplies, for input to a plurality of chemical reactors, 
and controls a solvent supply to flush each chemical reactor before reactants are introduced to 
CO 15 produce any desired chemical product. After flushing with the solvent, at least one reactant is 
f=i injected into a first chemical reactor, causing a chemical transformation that produces an 
y intermediate product. The intermediate product is then automatically injected into a 
yf! successive chemical reactor, along with another reactant (if required), and this process is 
Jrr repeated until a desired chemical product is formed. A single reactor can be used if the 
20 intermediate is injected back into the same chemical reactor for additional processing, after 
the chemical reactor is flushed with solvent. 

Brief Description of the Drawing Figures 
The foregoing aspects and many of the attendant advantages of this invention will 
become more readily appreciated as the same becomes better understood by reference to the 
25 following detailed description, when taken in conjunction with the accompanying drawings, 
wherein: 

FIGURE 1 is a block diagram of the functional elements of a sequential reaction 
system in accord with the present invention; 

FIGURE 2 is a simplified block diagram illustrating the functional elements of a system 
30 controller; 

FIGURE 3 is a simplified schematic diagram showing a personal computer used as a 
system controller; 
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FIGURE 4 is a simplified schematic diagram showing of a substance library being 
sequentially created over a period of time by the sequential reaction system of FIGURE 1 ; 

FIGURE 5 is a simplified block diagram showing how a plurality of reaction systems 
can be used in series to produce a product whose production requires a series of sequential 
reactions to take place; and 

FIGURE 6 is a simplified block diagram showing how a single reaction system can be 
used to produce a product whose production requires a series of sequential reactions to take 
place. 

Description of the Preferred Embodiment 

Exemplary Application of the Present Invention 

The automated sequential reactor system of the present invention can be continually 
operated to produce substance libraries, which are expected to be of great benefit in many 
phases of research. For instance, it is often useful to study how a particular chemical 
compound reacts with a group of related, yet different chemical compounds. As a specific 
example, consider an experimental compound "X" that is being studied as a potential raw 
material for producing a drug. In this example, it is assumed that "X" must be combined with 
a chemical compound that is a base (i.e., a compound having a pH over 7.0) in order to 
produce the drug. It would be desirable to react chemical "X" with a substantial number of 
different bases, to determine the yield from the reaction with each base. From the results of 
such tests, the relative costs of each base can be compared, to determine the base that 
produces the highest yield, at the lowest cost. 

Of course, there are many other research situations in which reacting one chemical 
with a wide variety of different chemicals is desirable. In the above example, a sequential 
reaction system in accord with the present invention is employed to generate a substance 
library, by sequentially reacting "X" with a variety of different bases. In fact, such a 
sequential reaction system can be first employed to sequentially generate a substance library 
of different bases, and then employed to sequentially combine those bases with "X", to 
generate a second library of the reaction products of "X" and each base in the substance 
library of different bases. However, the automated system of the present invention can be 
used to create a wide variety of substance libraries for many different purposes and is clearly 
not limited to the specific example discussed above. 
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An important aspect of the present invention is its automated operation. An operator 
is only required to provide the system with appropriate reactants, and the system will be 
automatically controlled in accord with the steps defined in a software program to generate 
the desired chemical product(s). Preferably, the system will operate continuously, ensuring 
that system resources will be utilized even when an operator is not present. 
Details of the Present Invention 

FIGURE 1 illustrates the functional elements of an automatically controlled 
sequential reaction system 10. A system controller 12 is used to control the system, including 
selecting reactants and controlling reactant flow rates, solvent flow rates, temperature 
conditions, pressure conditions, and residence times. System controller 12 is operatively 
connected to a supply valve 19a, which is associated with selecting reagents from an 
automated reactant supply 16a, a supply valve 19b, which is associated with selecting 
reagents from an automated reactant supply 16b, a reaction module 22, an optional automatic 
online detection device 34, and an outlet valve 39, which controls the fluid flow into an 
automated product collector 38, which includes a plurality of separate fluid collection 
chambers 36. Supply valves 19a and 19b and outlet valve 39 include a prime mover (not 
shown), which may comprise a stepping motor or solenoid, that is controlled by system 
controller 12 to select the input port for the supply valve, and the output port for the outlet 
valve. Optionally, supply valve 19a may be integral with automated reactant supply 16a, and 
supply valve 19b may be integral with automated reactant supply 16b. Similarly, outlet 
valve 39 may be integral with automated product collector 38. Reaction module 22 includes 
two pumps 24, one of which has an input coupled to the output of supply valve 19a and the 
other of which has an input coupled to the output of supply valve 1 9b, the output of both 
supply valves being coupled to a chemical reactor 28. A heat exchanger 26, a temperature 
sensor 25, and an optional residence time chamber 32 with its own optional heat 
exchanger 30 are also included within the reaction module. Heat exchanger 26 is coupled in 
fluid communication with chemical reactor 28 and provides a temperature conditioned fluid 
to control the temperature within the chemical reactor. Similarly, if used, optional heat 
exchanger 30 is coupled in fluid communication with residence time chamber 32 and 
provides a temperature conditioned fluid for controlling the temperature within the residence 
time chamber. Alternatively, the temperature conditioned fluid from heat exchanger 26 can 
also be coupled in fluid communication with residence time chamber 32, to control its 
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temperature with the temperature-conditioned fluid circulated therethrough. System 
controller 12 is controllably connected to pumps 24, a temperature sensor 25 that is disposed 
on or in the chemical reactor (to receive a temperature indicative signal that it produces), heat 
exchanger 26, and optional heat exchanger 30. 
5 Automated reactant supply 16a includes a plurality of different reactants 18. As 

illustrated, the plurality of reactants 1 8 within automated reactant supply 1 6a include 
reactants Al-AN. It should be understood that automated reactant supply 16a can 
beneficially incorporate a wide variety of different reactants, limited in number only by the 
physical limitations of the device. Thus, the illustration of reactants Al-AN should be 
10 considered exemplary, and not limiting on the scope of the present invention. Similarly, 

O automated reactant supply 16b contains a plurality of reactants 20, which include reactants 

ffl Bl-BN, also shown in an exemplary fashion. 

H The volume of each individual reactant (Al-AN) included within automated reactant 

O supply 16a is a function of a volume of a desired product. It is anticipated that sequential 
jjgjlS reaction system 10 will be beneficially employed in research laboratories, where the relative 
L volumes of reactants used for research activities are relatively small. Under such 
H circumstances, the volume of individual reactants provided will likely be on the order of tens 
fli to hundreds of milliliters. However, such volumes can readily be significantly scaled up for 
y production volumes, and thus, are only exemplary of a preferred embodiment intended for 
20 research, and not limiting on the scope of the invention. While it is anticipated that the 
volumes of reactants Al-AN will often be equal, it should be understood that different 
volumes of individual reactants can also be provided as desired, since the volume of reactant 
introduced into the chemical reactor is automatically controlled. Similarly, with respect to 
automated reactant supply 16b, the volumes of individual reactants Bl-BN are again a 
25 function of a volume of a desired product. Preferably, sufficient reactants will be included in 
automated reactant supply 16b to fully react with the reactants provided by automated 
reactant supply 16a to produce the required volumes of the specific desired chemical products 
to be prepared by the system. 

It should be understood that the number of different reactants required varies with the 
30 type of sequential reaction being implemented to produce the desired chemical products 
comprising a specific substance library. Many chemical reactions can be achieved using two 
reactants, hence two automated reactant supplies are shown. However, some reactions require 



CELL0017-1-127/001 7ap.DOC 



SEQUOS 



additional reactants, and if sequential reaction system 10 is to be used to facilitate such reactions, 
additional automated reactant supplies can readily be added as needed. Furthermore, some 
reactions require only a single reactant to generate a desired chemical product (such as reactions 
involving passing a reactant through a catalytic reactor that transforms the reactant into a different 
chemical substance), and it is anticipated that in some applications of the present invention, only a 
single automated reactant supply would be included into the automated sequential reaction 
system, which might then be used to produce a product library from reactions involving only 
a single reactant at a time, but different reactants for each of the desired chemical compounds 
comprising the product library. 

As illustrated, automated reactant supplies 16a or 16b each include 1-N reactant 
chambers. If each reactant chamber in automated reactant supplies 16a and 16b contains a 
different reactant, then N 2 different chemical products could be produced by combining one 
reactant from automated reactant supply 16a with one reactant from automated reactant 
supply 1 6b. The relative volumes of each reactant chamber are not required to be identical, 
although such a configuration will likely be easier to manufacture and use. In some 
instances, it will be useful to include the same reactant in more than one reactant chamber. 
For instance, if a given automated reactant supply 16a contains five reactant chambers of 
10 ml each, and a particular series of reactions required to produce a desired product library 
will consume 40 ml of reactant X, then that 40 ml can be distributed into four separate 
reactant chambers. Generally, the reactants will be liquids, though gases may also be used. 
Solid reactants will generally be dissolved or suspended in a liquid for ease of handling and 
processing in the system. 

The particular designs of automated reactant supplies 16a and 16b are not critical It is 
contemplated that a rotary design that effectively integrates the supply valve will rotate the 
assembly to bring a selected reactant chamber into alignment with an output port to provide the 
reactant within that selected reactant chamber to the reaction module. Such a device will be 
rotated in response to a command from system controller 12. However, a plurality of standard 
chemical product containers and/or laboratory glassware, properly connected together to the 
supply valve will alternatively enable the selection of a specific reactant in response to a 
command from system controller 12 being received by the supply valve, to enable the specific 
reactant that is thus selected to be provided as an input to the chemical reactor. Automated 
product collector 38 illustrates another type of automated selection system, commonly referred to 
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as a matrix board, in which a plurality of containers (such as test tubes) are arranged in a matrix. 
Such a system can also be employed for either or both of automated reactant supplies 16a and 
16b, using one of the supply valves to select a reactant for input to the chemical reactor. 

Supply valves 19a and 19b are also used to selectively couple solvent from a solvent 
supply 14 in fluid communication with the reaction module. Because a plurality of different 
reactants are employed in sequential reaction system 10, solvent supply 14 is used to flush the 
system before reactions, and/or before any reactants are injected into reaction module 22, to 
ensure that no undesired cross reactions occur due to reactant or product residue that may 
remain in the system. Before initiating any reaction, system controller 12 will selectively 
enable a flow of solvent from solvent supply 14 to flush reaction module 22 with solvent. It 
is anticipated that instead of using a separate solvent supply 14, solvent can alternatively be 
stored in one (or more) reactant chambers (Al-AN, Bl-BN) within automated reactant 
supply 16a or 16b. However, this approach will reduce the number of different reactants 
available to sequential reaction system 10. Such an embodiment is likely to be useful when the 
volume of solvent required is minimal. In general, it is expected that a solvent such as 
diethylether can be beneficially employed to flush the system between reactions, during the 
production of the substance library. However, there may be occasions where a specific 
product is either incompatible with diethylether, or which requires a different specific 
solvent. In such cases, either an additional solvent supply can be provided, solvent supply 14 
can be separated into a plurality of different solvent chambers, or the less frequently used 
solvent can be stored within one of or both of automated reactant supplies 16a and 16b. 

Supply valves 19a and 19b are illustrated disposed immediately adjacent to automated 
reactant supplies 16a and 16b to minimize the volume of the fluid lines that extend between 
the supply valves and the corresponding automated reactant supplies, since these fluid lines 
will not be flushed with solvent that flows from solvent supply 14 to the supply valves and 
into the reaction module. Preferably, the individual reactant chamber of automated reactant 
supply 16a or 16b that is selected to be in fluid communication with reaction module 22, is 
placed in fluid communication with the respective supply valve 19a or 19b without any 
appreciable fluid line (i.e., the outlet of the reactant chamber is connected directly to the input 
of the supply valve) to eliminate any appreciable volume in a common fluid line that is not 
flushed with solvent, thereby preventing cross contamination from occurring when reactants 
are changed. 
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Because the flow rate of the system is a programmed parameter, system controller 12 
enables the proper volume of reactants and solvent to be provided by controlling the time 
duration for which supply valves 19a and 19b are in fluid communication with their 
respective automated solvent supplies or with solvent supply 14. To enhance the accuracy of 
the volumes delivered, flow sensors can be added to provide system controller with a 
feedback signal indicative of real time flow rates, to verify that the desired programmed flow 
rates have been achieved. If the programmed flow rates have not been achieved, system 
controller 12 can manipulate the flow rates (i.e., the supply valves) to ensure that the desired 
volumes of solvent and reactants are provided. 

As discussed above, selected reactant chambers in automated reactant supply 16a and 
1 6b are coupled in fluid communication with the input to reaction module 22 via their 
respective supply valves 19a and 19b. In particular, FIGURE 1 indicates that specific 
reactants Al and Bl are selected by supply valves 19 for input to reaction module 22. The 
purpose of reaction module 22 is to react one or more reactants under controlled conditions, 
thereby facilitating a chemical reaction or transformation that will create a desired chemical 
product. While reaction module 22 as illustrated in FIGURE 1 includes pumps 24, heat 
exchanger 26, and a stacked plate reactor 28, and optionally includes residence time 
chamber 32, and heat exchanger 30, many different types of reaction modules can instead be 
used in a sequential reaction system in accord with the present invention. Thus, reaction 
module 22 as described in this preferred embodiment is only exemplary, and should not be 
considered limiting on the scope of the present invention. Any general reaction module 
capable of automatically producing a desired chemical product utilizing one or a variety of 
different reactants can be employed in the present invention. 

Because it is anticipated that the present invention will be particularly useful in 
research environments that do not require large volumes of product to be generated, it is 
anticipated that a reaction module that incorporates a microreactor will be particularly 
suitable. Such a microreactor is described in commonly assigned, co-pending U.S. Patent 
Application, Serial No. 09/496,999, entitled "MINIATURIZED REACTION APPARATUS," 
which was filed February 3, 2000, the disclosure in the specification and drawings of which 
is hereby specifically incorporated herein by reference. Furthermore, a suitable reaction 
module is described in commonly assigned, co-pending U.S. Patent Application, Serial 
No. 09/578,224, entitled "SEQUENTIAL REACTION SYSTEM," which was filed on 
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May 24, 2000, the disclosure including in the specification and drawings of which is hereby 
specifically incorporated herein by reference. 

Pumps 24 are included in reaction module 22 to ensure a controlled flow of reactants 
from automated reactant supplies 16a and 16b (and solvent, from solvent supply 14) into 
5 reactor 28. It should be noted that pumps 24 can be omitted from reaction module 22, if other 
means for driving selected reactants through chemical reactor 28 are provided. For example, 
a gravity feed system, in which automated reactant supplies 16a and 16b are disposed at a 
higher elevation than reaction module 22, can be employed so that the force of gravity will 
cause the selected reactants to flow through chemical reactor 28. It should be noted that 
10 chemical reactor 28, and the particular reaction being facilitated will typically have 

0 associated therewith an optimal flow rate, and a gravity feed system may not be capable of 

01 providing that optimal flow rate. Another approach to provide the required flow rate is to use 
l] a pressure source that forces the reactants through the chemical reactor. Or a vacuum source 

0 can be connected to automated product collector 38 to draw reactants from automated 
g|5 reactant supplies 16a and 16b, through reaction module 22, and then draw the desired 
JL chemical product that is produced into product collector 38. If the reactants are in a gaseous 
\j state, rather than a liquid state, flow rates of the reactants are preferably controllable using the 

1 supply valves, if the gases are under pressure when supplied to the chemical reactor. Standard 
D gas bottles or commercial grade gas cylinders, and an associated supply valve system controlled 
20 by system controller 12 will then comprise automated reactant supplies 16a and/or 16b. Finally, 

pumps 24 can alternatively be disposed external to reaction module 22. 

If one or more pumps 24 are included, a variety of different types of pumps can be 
beneficially employed. If the reactants are extremely flammable, it is anticipated that explosion- 
proof pumps will be used. As illustrated, each automated reactant supply has a separate pump 

25 associated with that reactant supply, although it is envisioned that a single pump unit could be 
used, as long as the reactants are not mixed until they enter chemical reactor 28. It is anticipated 
that heat exchanger 26 will incorporate its own pump (not separately shown) to supply the 
temperature-conditioned heat transfer media to the chemical reactor, controlled by system 
controller 12, so that the flow rates of the heat transfer media into chemical reactor 28 can be 

30 controlled. While not shown, it is expected that pressure sensors and filters can optionally be 
used in association with pumps 24. A signal produced by the pressure sensors will provide 
confirmation to system controller 12 that the reactants are flowing, and the filters can be 
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employed to filter any particulate matter that may have contaminated automated reactant 
supply 16a or 16b. In a preferred embodiment, in which the reaction module incorporates a 
microreactor, these filters are particularly important, since the fluid channels within a 
microreactor are characteristically very small in size. Thus, even relatively small particulates can 
clog these channels and significantly impair the efficiency of the microreactor. Preferably system 
controller 12 is programmed to alert a user to check the filters when pressure sensors indicate a 
change in pressure in the system, as such a pressure change may be indicative of a clogged filter. 
During the flushing process, it is anticipated that pumps 24 will be used to increase the flow rate 
of solvent through the system, to reduce the time required for flushing, thereby increasing the 
throughput of the system. 

With respect to heat exchanger 26, it is preferred that the heat transfer media used be 
fluidic in nature. While solid phase heat transfer media are known in the art (such as silica), 
assuring a continual flow of such solid phase heat transfer media through small passages in heat 
exchangers can be difficult, and in general, fluidic heat transfer media are preferred in the present 
invention. 

It should be noted that FIGURE 1 does not attempt to illustrate the fluid paths of reactants 
within reactor 28. The two reactants (or one reactant) that were selected flow into chemical 
reactor 28, and a single desired chemical product exits the chemical reactor. The path from the 
chemical reactor is illustrated as being in fluid communication with optional residence time 
module 32. If the optional residence time module is not required for the process being carried out 
by the system, the desired chemical product flows directly to optional detector 34 or if the 
detector is not included, to product collector 38. 

While in one preferred embodiment, the chemical reactor within reaction module 22 is a 
microreactor, a macro-scale reactor could alternatively be used in conjunction with the present 
invention. Microreactors are generally characterized as incorporating fluidic structures of less 
than 1 mm in size, especially with respect to reactant fluid pathways. However, it should be 
understood that the present invention is not limited to reaction modules that include a 
microreactor, as the reaction module can incorporate a chemical reactor whose fluidic structures 
are larger in size than the micro-scale fluidic structures generally associated with microreactors. 

Although it is possible to design a chemical reactor to facilitate one specific reaction, it is 
preferable that the chemical reactors used in sequential reaction system 10 be of a more general 
design that will support the production of as many different desired chemical products as 
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possible. Those of ordinary skill in the art will readily recognize that chemical reactors capable 
of mixing two or more reactants together under controlled temperature and other controlled 
conditions can facilitate the production of a wide variety of different products. As noted above, 
however, not all reactions require the mixing of reactants, such as reactions involving passing one 
or more reactants over a catalyst impregnated surface, electrochemical reactions, or 
photochemical reactions that are initiated by the application of light of the appropriate 
wavelength. Other process parameters can be beneficially incorporated into reactors for use in 
the present invention including magnetic, piezoresistive, piezoelectric, shape memory, 
radioactive, catalytic, optical, electromagnetic, and electrostatic parameters. Any such parameter 
is preferably capable of being controlled by system controller 12. Regardless of the control 
parameter used by the chemical reactor, the chemical reactors employed should preferably be 
able to produce a wide variety of products, rather than being limited to the production of only a 
narrow range of products, such as peptides or DNA sequences. 

Suitable chemical reactors for the present invention should preferably enable the precise 
temperature control of the reactants and the product, so that yield and product quality can be 
enhanced. Thus, reaction module 22 preferably includes at least one temperature sensor 25 
disposed adjacent to (as shown) or within (not shown) chemical reactor 28. These temperature 
sensors produce a signal indicative of the temperature being monitored that is electrically 
connected to system controller 12, and the system controller 12 uses the signals produced by the 
temperature sensor(s) to adjust the flow rates and other relevant parameters of the heat transfer 
fluid provided by heat exchanger 26 to maintain the desired temperature parameters within 
reactor 28. 

Depending on the particular design of the chemical reactor disposed within the 
reaction module, and the particular reaction being facilitated, it is often beneficial to include 
residence time chamber 32. When the residence time chamber is included, it is preferable to 
maintain the optimal reaction temperature within the residence time chamber, and this 
temperature will typically equal that maintained in stacked plate chemical reactor 28 (or the 
alternative type of reactor provided) by heat exchanger 26. As noted above, either optional 
heat exchanger 30 can be used for this purpose, or heat exchanger 26 can be used to service 
both optional residence time chamber 32 and stacked plate chemical reactor 28. 

In one embodiment residence time chamber 32 includes a helically-coiled capillary 
passage 35, the length of the capillary passage controlling a residence time of the reactants in the 



CELLOO 17-1-1 27/00 1 7ap.DOC 



SEQUOS 



-15- 



residence time module. In a preferred embodiment in which chemical reactor 28 is a 
microreactor, capillary passage 35 is of sufficient length to achieve a 45-minute residence time at 
a flow rate of one milliliter per minute. Generally, a residence time of 45 minutes is sufficient for 
the majority of most chemical reactions to reach completion. If it is known that a particular 
chemical reaction can benefit from an increased residence time, an additional residence time 
chamber can be added downstream of residence time chamber 32, or a longer capillary passage 
can be used in place of capillary passage 35. It should be noted that while as shown in 
FIGURE 1 that optional residence time chamber 32 is included within reaction module 22, 
residence time chamber 32 can also be provided as a separate module, rather than in the reaction 
module. It should also be noted that residence time chambers not incorporating coiled capillary 
passage 35 can also be beneficially employed to provide additional time for incompletely reacted 
reactants exiting reactor 28 to completely react to generate the desired product. As long as the 
residence time chamber (or residence time module) provides a sufficient volume for the 
incompletely reacted mixture of reactants exiting the reactor to reside in until the reaction is 
complete, the particular physical configuration of the sufficient volume is not critical. 

Various reactions can be performed in the system that are pressure dependent. For 
example, reactions involving decreasing volumes, increasing boiling points, and increasing gas 
concentrations in a liquid phase are pressure dependent. Thus, it may be desirable to enable a 
reaction to occur at a predefined pressure. To increase the pressure along a reaction path requires 
a throttle at the distal end of the reaction path. At least partially closing such a throttle causes 
pumps 24 to produce a higher pressure in the reaction module in order to maintain a constant 
flow rate. Such a pressure control can be achieved by utilizing a proportional valve as outlet 
valve 39, so that it is controlled by the system controller to selectively vary a pressure within the 
sequential reaction system. Product valve 39, as described in detail below, is also used to select 
where the material exiting reaction module 22 is directed (i.e., to automated product collector 38 
or to spent solvent reservoir 37). 

Spent solvent exiting reaction module 22 can pass through optional automatic online 
detection device 34. Many different types of analytical instruments can be used as an online 
detection device. In general, online detection device 34 samples fluid exiting reaction 
module 22 and determines if the fluid is spent solvent that has been used to flush reaction 
module 22, or a desired chemical product generated by the combination and reaction of 
reactants from automated reactant supply 16a and automated reactant supply 16b. Those of 
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ordinary skill in the art will readily understand that given a known supply of reactants, a 
known type of solvent, and knowledge of the products expected from the combinations of the 
selected reactants, differentiating between a product and the spent solvent is readily 
achievable by a number of different detection devices. Regardless of the detection scheme 
employed, the results are communicated to system controller 12, which then manipulates 
outlet valve 39 to divert spent solvent to spent solvent reservoir 37, or a desired chemical 
product to automated product collector 38. 

While the particular analytical device used is not critical, it is anticipated that online 
devices are preferable. The term "online" refers to a detector's ability to continually analyze 
the product/spent solvent stream in real time. An online detector is preferable because such a 
detector will generate a continuous output signal that is supplied to system controller 12, thus 
enabling the system controller to immediately respond to a change in the material exiting the 
reaction module, minimizing both product loss and dilution of the desired chemical product 
being collected with spent solvent. A refractive index based spectrophotometer represents 
one preferred type of online detector, although online devices such as ultraviolet (UV) 
spectrum detectors, ultraviolet-visible (UV-VIS) spectrum detectors, and diode array 
detectors can be beneficially employed. Additionally, detectors that are not "online," but 
which are capable of cycling on and off rapidly, such as FT-IR spectrophotometers, are also 
expected to be useful as a detector in this application. By rapidly cycling on and off, such 
detectors can generate nearly continuous output signals. In any event, advantageous 
characteristics of any detection device will include a relatively low cost, a relatively quick 
response time, and the ability to differentiate from among a wide variety of organic 
compounds. 

The detection device is considered an optional component, because system 
controller 12 precisely controls the flow rates of reactants through the system, and given a 
known system volume, the system controller can determine with precision when changes 
between a desired chemical product and solvent exiting reaction module 22 occur, and thus, 
can control outlet valve 39 to divert spent solvent to spent solvent reservoir 37 and the 
desired chemical product to automated product collector 38. The incorporation of detection 
device 34 provides a check to ensure that product and spent solvent are properly separated. If 
the value of the products being produced is high, as is the case with many experimental 
compounds used in research applications, then it will likely be desirable to include detection 
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device 34 to safeguard the desired chemical product being produced and collected. It should 
also be noted that incorporating flow sensors within sequential reaction system 1 0 to verify 
that the flow rate conditions commanded by system controller 12 have actually been achieved 
provides system controller 1 2 with a feedback signal that can be used to confirm that the 
material exiting reaction module 22 changes between the desired chemical product and the 
spent solvent. Those of ordinary skill in the art will readily recognize that given flow rate 
data and known volumes of the fluid paths in the system, the actual volumes delivered can 
readily be determined. 

As shown in FIGURE 1, reactants Al and Bl enter reaction module 22, pass through 
pumps 24, chemical reactor 28, optional residence time chamber 32, and exit reaction 
module 22 as the desired chemical product A1BL Upon reaching online detection unit 34, 
product A1B1 is recognized as a desired chemical product, rather than a solvent, and system 
controller 12 actuates outlet valve 39 to ensure that desired chemical product A1B1 is 
directed into automated product collector 38. After the desired volume of desired chemical 
product A1B1 has been collected, system controller 12 will actuate supply valves 19a and 
19b to select the solvent, which is used to flush reaction module 22. Once online detection 
device 34 indicates that solvent is exiting reaction module 22, system controller 12 
manipulates product valve 39 to ensure that spent solvent is directed into spent solvent 
reservoir 37. Alternatively, based on known flow rates (possibly confirmed by flow rate 
sensors as noted above) system controller 12 will determine at what point all of 
product A1B1 should have exited reaction module 22, so that spent solvent used to flush the 
system after product A1B1 has been processed can be diverted to spent solvent reservoir 37. 

Preferably automated product collector 3 8 includes sufficient product chambers to 
accommodate all of the desired chemical products produced by the system. As shown, automated 
reactant supply 16a and 16b each include five reactant chambers, thus automated product 
collector 38 should need at most 25 product chambers. As noted above with respect to automated 
reactant supply 16a and 16b, the particular design of automated product collector 38 is not 
critical. While the matrix board style automated product collector 38 illustrated in FIGURE 1 is 
expected to be able to accommodate a large number of products in a compact design, it is also 
contemplated that a rotary design or other configuration that is selected by outlet valve 39 as 
discussed above can also be beneficially employed to ensure that the desired chemical product is 
directed into the proper chamber. An automated product collector that comprises a rotary device 
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as the output valve will be rotated in response to a command from system controller 12 until a 
desired product chamber (A1B1-ANBN) is in fluid communication with the reaction module. 
Alternately, a plurality of standard chemical product containers and/or laboratory glassware, 
properly connected with fluid lines to a separate multi-port valve (not separately shown) that will 
5 enable the selection of an individual product collection chamber upon receipt by the multi-port 
valve of a command from system controller 12. If desired, spent solvent can be accumulated in 
one or more designated fluid chambers within automated product collector 38, if sufficient 
other chambers are available for collecting the desired chemical products. 

As noted above, system controller 12 is programmed to enable automated control of 
10 parameters such as concentration, flow rates, temperature, pressure, and residence time 
3 required to produce the various desired chemical products. Because automated reactant 
ft supply 16a and 16b can provide as much reactant as desired (within the limits of the volume 
"* retained of reactants contained therein), it is anticipated that sequential reaction system 10 

3 will be operated continuously, with a minimum of operator supervision, for a period of hours 
'15 or even days. As shown in FIGURE 2, system controller 12 includes a processor 40, a 

reaction database (memory) 42, and a user interface 44. Preferably, reaction database 

4 (memory) 42 includes detailed information relating to a plurality of different chemical 
n products that can be produced by the sequential reaction system of the present invention. The 
3 detailed information preferably identifies various chemical products that can be produced, the 
20 required starting reactants, the relative volumes of the reactants required to produce a desired 

volume of each such product, specified process condition parameters, such as temperature, 
pressure, and flow rates for the reactants, and an identification of the types of reaction 
modules and an indication of the residence time chambers required to produce each product. 
The detailed information stored in the associated memory also preferably includes machine 

25 language instructions for execution by processor 40 that enable automatic control of the 
system according to the stored parameters specific to each included reaction and facilitate 
interaction with an operator via user interface 44, including enabling the operator to make 
initial decisions for setting up the system controller to run unattended. Preferably, user 
interface 44 includes a graphic display designed such that a user can select options from a 

30 menu. From the displayed menu, the user can select desired chemical products and be 
provided with details regarding specific types of reaction modules and any additional 
modules required (such as residence time chambers). Once provided with this information, 
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the user can ensure that the sequential reaction system is properly configured to produce the 
desired products. The user would ensure that all reactant and solvent supplies and fluid 
connections within the system are provided and then would activate a start command on 
using user interface 44, causing processor 40 to control the reactions based on the process 
5 control parameters stored within reaction database (memory) 42 for the reactions selected by 
the user. The reaction database (but not the memory) can be omitted if the user manually 
enters the reaction parameters on user interface 44. 

FIGURE 3 illustrates a preferred embodiment for a system controller 12a that 
comprises a personal computer (PC) 46. PC 46 includes processor (not shown), a hard 
10 drive 48 on which the reaction database is stored, and user interface display 44. When PC 46 
O is employed as the system controller, the PC is coupled to the various components of the 
m system through a cable connected to a data port on the PC, such as its serial port, parallel 
111 port, or universal serial bus port (none of which are shown in the Figure). 
O Depending on the algorithm employed by system controller 12, the sequence of 

OK desired chemical products generated in response to injecting different combinations of 
selected reactants into reaction module 22 can be provided in any order desired. FIGURE 4 
SI illustrates one possible sequential product output 50. Under this scheme, system 
rri controller 12 first causes the supply valve to provide solvent to flush the system, as indicated 
S by the "S" in a solvent block 52. Next, the system controller selects (according to 
20 preprogrammed instructions) a combination of reactants Al and Bl and causes the selected 
reactants to be introduced into reaction module 22 in the proper proportions and volumes. 
System controller 12 will control the operation of pumps 24 and heat exchanger 26 to ensure 
that the proper flow rate of the selected reactants and temperature parameters are established 
in the reaction module. When the desired chemical product begins to exit the reaction 
25 module, automatic online detection device 34 verifies that product rather than solvent is now 
exiting the reaction module, and the detection device sends a signal indicative of that 
information to the system controller. System controller 12 then manipulates the outlet valve 
to direct the detected desired chemical product A1B1 (as indicated by the first of reactant 
blocks 54) to the appropriate fluid collection chamber 36 in automated product collector 38. 
30 As illustrated, the first reaction product is A1B1. Once all of this desired chemical product 
has been collected, another solvent rinse of the system is carried out, to ensure that no cross 
reactions occur during the next reaction, and then reactants A 1 and B2 are selected and 
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injected into reaction module 22, until the desired volume of the product A1B2 is generated. 
The system is then once again flushed with solvent, and the next combination of reactants is 
provided. While in this exemplary illustration, the products are generated according to a 
logical progression sequence (A1B1, A1B2, A1B3, etc.), it should be understood that system 
controller 12 can be programmed to sequentially produce products according to any 
programmed sequence (for example, A1B1, A3B2, A1B3, etc.). Sequential product 
output 50 illustrated in FIGURE 4 illustrates how the same reaction module is employed to 
produce a plurality of different desired chemical products in a predetermined sequence, to 
produce a substance library. 

FIGURE 5 illustrates a different sequential production system, in which a plurality of 
different chemical reactors are combined, such that an intermediate product exiting a first 
chemical reactor is then combined with a new selected reactant for reaction in a second 
chemical reactor, etc. These sequential reactions can be carried out until a final desired 
chemical product is produced. It should be noted that there are numerous types of chemicals 
which must be produced using a series of sequential reactions, each reaction producing a 
different intermediate product, until a last reaction generates the final desired chemical 
product. Peptides, which are built up of different amino acids in a particular sequence, are 
examples of products that are produced through a series of sequential reactions. However, it 
should be noted that prior art apparatus and methods for producing peptides using sequential 
reactions have typically required the use of a solid support (such as inert polymer resin beads) 
to which the starting reactants must be bonded, and from which the product must be removed. 
The sequential reaction system of the present invention is adapted to be used to facilitate 
gas/gas, gas/liquid, and/or liquid/liquid reactions that do not require binding a starting 
reactant to a support resin, or removing the product from a support resin. Thus, the system of 
the present invention can be applied to produce a greater variety of different products. 

A sequential reaction system 60 illustrated in FIGURE 5 includes system 
controller 12, which is controllably connected to a plurality of different chemical 
reactors 64a, 64b, and 64c, automated reactant supplies 62a, 62b, 62c, and 62d, and supply 
valves 66a, 66b, 66c, 66d, 66e, 66f, and 66g. System controller 12 is also controllably 
connected to automated product collector 38. Sequential reaction system 60 also includes 
solvent supply 14 and spent solvent reservoir 37. Supply valves 66a-66g preferably each 
include an integral prime mover capable of actuating the supply valve upon receiving a 
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command from system controller 12, so that the supply valve selectively places a selected 
reactant (or intermediate product) in fluid communication with the input to one of the 
chemical reactors to which the output of the supply valve is coupled. 

In sequential system 60, first reactant supply 62a and second reactant supply 62b are 
5 placed in fluid communication with a first reactor module 64a, via respective supply 
valves 66a and 66b. Note that supply valves 66a and 66b are selectively placed in fluid 
communication with solvent supply 14, and that the supply valves are disposed immediately 
adjacent to their respective reactant supplies. As discussed above, it is preferable for the 
valves to be disposed immediately adjacent to the reactant supplies, or to be fabricated as 
10 integral components of the reactant supplies, to minimize any volume that cannot be flushed 
JS with a solvent. 

p 1 An outlet of first reaction module 64a is in fluid communication with an inlet of a 

Si second reaction module 64b, via supply valve 66d. Note that supply valve 66d is also 
m selectively placed in fluid communication with solvent supply 14 and spent solvent 
Of 5 reservoir 37. This configuration enables solvent used to flush supply valves 66a and 66b, and 
O first reaction module 64a to be diverted to spent solvent reservoir 37, as well as enabling 
, : clean solvent to be directed into supply valve 66d and second reaction module 64b without 
m requiring the solvent to pass through the first reaction module. Thus, the first and second 
q reaction modules can be flushed independently of each other. Reactant supply 62c is also 
20 selectively placed in fluid communication with the inlet side of second reaction module 64b, 
as well as being in fluid communication with solvent supply 14. The discussion of the 
positioning and flushing of supply valves 66a and 66b also applies to supply valve 66c. 

An outlet of second reaction module 64b is selectively placed in fluid communication 
with an inlet of third reaction module 64c via supply valve 66f, which is also in fluid 
25 communication with solvent supply 14 and spent solvent reservoir 37. Supply valve 66f can 
be used to divert solvent used to flush second reaction module 64a to spent solvent 
reservoir 37, and to introduce clean solvent into third reaction module 64c for flushing. 
Reactant supply 62d is also selectively placed in fluid communication with the inlet side of 
third reaction module 64c, as well as being in fluid communication with solvent supply 14, 
30 via supply valve 66e. Supply valve 66e is preferably disposed immediately adjacent to 
reactant supply 62d for the reasons discussed above. An outlet of reaction module 64c is 
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selectively in fluid communication with both automated product collector 38 and spent 
solvent reservoir 37 via an outlet valve 66g. 

As illustrated, no online detection devices are incorporated into sequential reaction 
system 60. Thus, system controller 12 actuates supply valves 66a-66g according to a 
programmed sequence based on the volume of the system and the programmed flow rates. 
As discussed above, flow rate sensors can be incorporated to provide feedback to system 
controller 12 as to any differences in actual verses programmed flow rates. It should be 
understood that the online or offline detection devices discussed above can optionally be 
included in sequential reaction system 60, if desired. It should also be understood that if 
more than three sequential reactions are required to produce the desired product, then 
additional reaction modules and reactant supplies can be added, with the corresponding 
supply valves. It should also be understood that the chemical reaction modules preferably 
include pumps and heat exchangers (and residence time chambers, as required) as described 
above. 

To use sequential reaction system 60, one reactant from first reactant supply 62a and 
one reactant from second reactant supply 62b (if required) are injected into first reaction 
module 64a. Preferably, before any use, the entire system is first flushed with solvent. The 
first intermediate product exits reaction module 64a and is then selectively injected, along 
with a reactant from reactant supply 62c, into second reaction module 64b. A second 
intermediate product from reaction module 64b is then injected, along with an automatically 
selected reactant from reactant supply 62d, into third reaction module 64c. The final desired 
chemical product is then collected by automated product collector 38. 

Note that once first reaction module 64a completes the production of the first 
intermediate product, a different combination of reactants from first reactant supply 62a, and 
second reactant supply 62b can be injected into first reaction module 64a. Supply valves 66a 
and 66b are actuated to selectively provide fluid communication with solvent supply 14, to 
causing first reaction module 64a to be flushed with solvent. Supply valve 66d is actuated by 
system controller 1 2 after the solvent flush exits the first reaction module, so that the spent 
solvent is directed into spent solvent reservoir 37, rather than into the second reaction 
module. Then, the system controller actuates supply valves 66a and 66b, and reactant 
supplies 62a and 62b, to provide the selected reactants required for the next programmed 
reaction, causing the first reaction module to begin to produce a different intermediate 



CELLO0l7-l-l27Z0017ap.DOC 



SEQUOS 



1 



4 



-23- 



product required to produce a different final desired chemical product. Thus, sequential 
reaction system 60 can be maintained in continuous operation, even when different reaction 
modules are processing different reactants and intermediate products relating to different 
final desired chemical products. 
5 While sequential reaction system 60 has been described as preferably incorporating 

reaction modules that generate intermediate or final desired chemical products generally by 
reacting two reactants (or a reactant and an intermediate product), it should be understood that 
reaction modules adapted to facilitate reactions utilizing more than two reactants can also be 
used. Furthermore, some reactions, such as those involving passing one reactant over a catalyst 
10 impregnated surface, or a photochemical reaction that is initiated by applying light of the 
O appropriate wavelength to a single reactant, can produce a desired or intermediate product from a 
S single reactant. Thus, reaction modules adapted to generate intermediate products or a desired 
final product from a single reactant or intermediate product can also be employed. The above- 
□ described configuration in which two automated reactant supplies, or one intermediate product 
JJ) and once automated reactant supply are reacted in successive chemical reaction modules is 

merely exemplary, and should not be considered as limiting the scope of the present invention. 
%j FIGURE 6 illustrates a sequential reaction system 60a, in which a product requiring 

J! three sequential reactions is generated using only a single reaction module, as opposed to the 
O three reaction modules illustrated in FIGURE 5. Prior to injecting any reactants, sequential 
20 reaction system 60a is flushed with a solvent as described above in conjunction with 
FIGURE 1 . Then, a desired volume of reactants selected from a first reactant supply 62a, and 
a second reactant supply 62b are injected into reaction module 64a. The first injection into 
reaction module 64a is indicated by a numeral 1 in a circle illustrated on the fluid path 
connecting first reactant supply 62a and second reactant supply 62b to reaction module 64a. 
25 The first intermediate product exiting reaction module 64a is then combined with a reactant 
selected by the system controller from a reactant supply 62c (or alternatively, from either of 
reactant supplies 62a or 62b), and once again injected into reaction module 64a, rather than 
into a different reaction module. This second injection into reaction module 64a is indicated 
by a numeral 2 in a circle that is disposed on the fluid path connecting third reactant 
30 supply 62c and a product outlet of reaction module 64a, to the inlet of reaction module 64a. 
Note that system controller 12 must both halt the flow of reactants from first reactant 
supply 62a and a second reactant supply 62b once the desired volume of each reactant has 
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been delivered, and flush the system with solvent, before injecting the intermediate product 
exiting from reaction module 64a and a reactant from third reactant supply 62c into reaction 
module 64a. Once all of the intermediate product of the second sequential reaction exits 
reaction module 64a, the system is again flushed with solvent and that intermediate product is 
injected with yet another reactant selected from reactant supply 62d (or from any of the other 
reactant supplies) into reaction module 64a. This third injection into reaction module 64a is 
indicated by a numeral 3 in a circle that is disposed on the fluid path connecting fourth 
reactant supply 62d, and a product outlet of reaction module 64a to the inlet of reaction 
module 64a. The final desired chemical product is then collected by automated product 
collector 66. 

It should be understood that reaction module 64a normally includes only a single 
product outlet, and that the three distinct product outlets illustrated in FIGURE 6 are meant to 
represent the single product outlet being used sequentially in three different successive time 
periods to convey two intermediate products and the final desired chemical product. It 
should also be understood that the supply valves, solvent supply and spent solvent reservoir 
discussed in detail with respect to FIGURES 1 and 5 are also included in sequential reaction 
system 60a, although not shown. Note that while sequential reaction system 60a can 
complete the same three step (or more) sequential reactions as sequential reaction system 60, 
but using only a single reaction module, the throughput of sequential reaction system 60a is 
less than the throughput of sequential reaction system 60, because reactants from first 
reactant supply 62a and second reactant supply 62b must be cycled on and off, so that 
reaction module 64a can process other reactants. In contrast, reaction module 64a of 
sequential reaction system 60 can be operated continuously to combine reactants from first 
reactant supply 62a and second reactant supply 62b. In circumstances where the volume of 
product produced is less important than minimizing equipment costs, single reactor sequential 
reaction system 60a is preferred. 

Again, it should be understood that while the above description is directed to an 
example in which a final desired chemical product is produced from two 
reactants/intermediate products, a similar sequential system can be utilized in conjunction 
with reactions employing a single reactant/intermediate product, or more than two 
reactants/intermediate products. 

Sequentially Generating a Substance Library: "Product Package Running" Synthesis 



CELL00 17-1 -127/00 17ap.DOC 



SEQUOS 



-25- 



The following steps are automatically controlled with the present invention. After the 
operator starts the software program that controls the process, the following steps are 
executed automatically (refer to FIGURE 1): 

Step 1: Initialization of sequential reaction system begins by pumping heat 

5 transfer medium of the desired temperature from heat exchanger 26 (and optional heat 
exchanger 30, if included) through reaction module 22 (and optional residence time 
chamber 32, if included). 

Step 2: Flush the entire system using solvent from solvent supply 14, until 

solvent exits reaction module 22. The solvent flush may be executed using an accelerated 
1 0 flow rate to reduce the time required for flushing. 

y Step 3: Allow the system to achieve thermal equilibrium, as indicated by a 

On difference of no more than 2° K between the temperature of the heat transfer medium and the 
kj temperature of chemical reactor 28 according to temperature sensors 25 disposed on or in the 
y chemical reactor 28 (and residence time chamber 32, if included). 

|3Q5 Step 4: Select a reactant from automated reactant supply 16a and a reactant 

jL from automated reactant supply 16b for injection into reaction module 22, enabling the 
Ni generation of a desired chemical product. 

3i Step 5: * The desired chemical product exits reaction module 22, reaching 

y online detection device 34, which verifies that the material is a desired chemical product 
20 rather than solvent. The desired chemical product is directed to an appropriate fluid 

chamber 36 in automated product collector 38 (or to spent solvent reservoir 37, if the material 

is the spent solvent rather than a desired chemical product). 

Step 6: A cleaning/rinsing cycle is performed by flushing the system with 

solvent. 

25 Step 7: While the selected reactant from automated reactant supply 16a is 

maintained, selection of a different reactant from automated reactant supply 16b is carried 
out, enabling the synthesis of a different product. Alternatively, the reactant selected from 
automated reactant supply 1 6b can be maintained while a different reactant is selected from 
automated reactant supply 16a, or the reactants selected from both such supplies can be 

30 changed by system controller 12 actuating the appropriate supply valves 19a and/or 19b. 

Step 8: Interrupted by the solvent cleaning/rinsing cycles, system controller 12 

selects still further reactants from automated reactant supplies 16a and/or 16b to produce 
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different desired chemical products, until each desired combination of one reactant from one 
of automated reactant supplies 16a or 16b and a different reactant from the other of 
automated reactant supply 16b or 16a has been achieved. 

Since the flow rate (reaction time) and temperature parameters for each reaction can 
5 be adjusted individually, sequential product packages (illustrated in FIGURE 4) whose 
products require different reaction conditions can readily be produced. 

Description of an Exemplary Substance Library — Sequential Production of Amides from 
Amines 

Using sequential reaction system 10, a combination of liquid acetic anhydride 
10 (selected from automated reactant supply 16b as reactant Bl) with 24 different amines 
% (selected from automated reactant supply 16a as reactants A1-A24) was carried out. 
oi Triethylamine was added to each reaction to capture the acetic acid formed during synthesis. 
%j The reaction follows the equation: 

(Ij5 Reactant A 

~ Amines 1-24 



O 



O 





o 



Reactant B 



EtjN 



Dioxane or DMF 



O 



N 

I 

H 

Product 



R 



Acetic Anhydride 



Amides 1-24 



The goal was to sequentially produce a substance library of 24 amides in a continuous 
process. To achieve this result, amine stock solutions (Reactants A1-A24) were distributed 

20 by a multi port rotary valve to a piston pump from where they were fed at a desired controlled 
flow rate into a microreactor. The acetic anhydride solution (Reactant B) was delivered into 
the second inlet of the microreactor by another pump. Both pump inlets could selectively be 
switched to a solvent supply to provide solvent to rinse the system after each reaction. Note 
that a larger substance library can be created either by increasing the number of different 

25 amines used for Reactant A, or by using more than one Reactant B. 
Stock Solutions 

A: 0.088 mole of amine + 10.84 g (0.1 1 mole) triethylamine + dioxane or DMF to 
give 70 ml of a 1 .26 M solution. 
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B: 22.05 g (0.22 mole) of acetic anhydride + 180 ml dioxane or DMF to give 200 
ml of a 1.08 M Solution. 

In a series of experiments, different conditions such as temperature and flow rate (residence 
time) were employed. For example a typical experiment was carried out as follows: 

The heat exchanger was set to provide a 80° C temperature conditioned fluid media, 
and the flow rate for each selected reactant was adjusted to 0.7 ml/min (yielding a residence 
time in the reaction system of about 1 minute). Reactant Al and Bl were pumped through 
the system for 10 minutes. During this time, the internal temperature of the chemical reactor 
was monitored. Depending upon the reaction, a temperature of 56-62 °C was measured in the 
reaction module. After about 5 minutes, the desired chemical product began to flow into the 
collector and was collected for 5 minutes, yielding 7 ml of the product. Then, the system was 
flushed for 2 minutes, with a higher flow of solvent (6.5 ml/min). After this flushing step, 
reactant A2 was introduced for about 10 minutes. The process was then repeated for different 
time and temperature conditions. 
Results/Anal vsis : 

A typical product yield of 80-95% was obtained, as determined by gas 
chromatography. The procedure and system employed enabled the synthesis of 4 to 68 g of 
amides per hour, depending on the molecular weight of the desired amide product produced. 
The time for the generation of one analytical sample was about 10 minutes. Reaction 
conditions and parameters for each of the 24 sequential reaction are set forth in Table 1, 
below. 
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Table 1. 



No. 


Amine 


Reaction time/min 


Yield[%] 


Throughput [g/h] 


Unbranched aliphatic amine 


1 


1 -propylamine 


13 


98 


6 


2 


1 -butylamine 


13 


99 


7 


3 


1-pentylamine 


2 


99 


50 


4 


1-hexlyamine 


4 


99 


28 


5 


1-heptylamine 


1 


94 


7 


6 


1-octylamine 


4 


99 


33 


7 


1-nonylamine 


2 


95 


68 


Branched aliphatic amines 


8 


3-methyl-2-butylamine 


1 


85 


5 


9 


2-methyl-2-butylamine 


1 


75 


4 


10 


t-butylamine 


13 


70 


5 


Cyclic amines 


11 


cyclopentylamine 


2 


99 


50 


12 


cyclohexylamine 


13 


89 


8 


13 


cycloheptylamine 


2 


83 


50 


Aromatic amines 


14 


Aniline 


1 


99 


6 


15 


1 -naphthylamine 


1 


46 


4 



Conclusion: 

A major advantage of automated sequential synthesis of chemical products as 
provided by the present invention is the capability to individually adjust both the reaction 
time and temperature for each different reaction within a sequence. Such flexibility enables 
system temperature and flow rate to be tailored to each reaction. Of the 24 amines used as 
reactants in the above exemplary sequence, several are quite reactive, and some are much less 
reactive. For amines that are highly reactive, high flow rates and low temperatures are 
appropriate. For less reactive amines, high temperatures and lower flow rates are required. 
Note that each desired chemical product can be produced in a desired amount, regardless of 
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the amounts of the other desired chemical products produced in a sequence. Finally, because 
the system of the present invention is automated, a substance library can be created with 
minimal operator involvement, once the system controller is programmed and the system is 
supplied with the required reagents. 

Although the present invention has been described in connection with the preferred 
form of practicing it and modifications thereto, those of ordinary skill in the art will 
understand that many further modifications can be made to the present invention within the 
scope of the claims that follow. Accordingly, it is not intended that the scope of the invention 
in any way be limited by the above description, but instead be determined entirely by 
reference to the claims that follow. 
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The invention in which an exclusive right is claimed is defined by the following: 

1. An automated sequential reaction system for automatically and sequentially 
producing a substance library of different desired chemical products from a plurality of 
reactants in accord with a programmed series of steps, comprising: 

(a) a first automated reactant supply comprising a plurality of separate 
reactant chambers, each adapted to be filled with a different reactant; 

(b) a first supply valve that is automatically actuatable and is connected to 

■ 

the first automated reactant supply to select a first desired reactant from among the plurality 
of separate reactant chambers; 

(c) a reaction module coupled in fluid communication with said first 
supply valve, such that such that a reactant chamber selected from within said automated 
reactant supply by the first supply valve is placed in fluid communication with said reaction 
module, said reaction module including a general purpose chemical reactor that is operable to 
produce the substance library of different desired chemical products from the plurality of 
reactants; 

(d) an output valve that is automatically actuatable and is coupled in fluid 
communication with the reaction module to receive a desired chemical product, said desired 
chemical product contributing to the substance library of different desired chemical products; 

(e) an automated product collector in fluid communication with said 
output valve to receive the desired chemical product and comprising a plurality of product 
chambers, each product chamber being adapted to be filled with a different desired product to 
produce the substance library of different desired chemical products; and 

(f) a system controller controllably connected to the first automated 
reactant supply, the first supply valve, the reaction module, and the automated product 
collector, said system controller being programmed to monitor and control production of the 
plurality of desired chemical products by the automated sequential reaction system, including 
controlling the first supply valve to select the first desired reactant, controlling said reaction 
module to automatically produce the desired chemical product from the first desired reactant, 
and controlling the output valve to select a product chamber into which the desired product is 
directed. 
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2. The automated sequential reaction system of Claim 1, wherein said automated 
reactant supply further comprises a solvent supply, said solvent supply being adapted to be 
filled with a solvent for flushing said sequential reaction system, said solvent supply being 
selectively placed into fluid communication with the reaction module by the first supply 
valve under control of the system controller, to enable a solvent to flow from said solvent 
supply into said reaction module. 

3. The automated sequential reaction system of Claim 2, wherein said automated 
product collector further comprises a spent solvent reservoir, said spent solvent reservoir 
being adapted to contain a spent solvent that has been used to flush said sequential reaction 
system, said spent solvent reservoir being selectively placed into fluid communication with 
the reaction module by the output valve under control of said system controller, to enable a 
spent solvent to flow from the reaction module into said spent solvent reservoir. 

4. The automated sequential reaction system of Claim 1, further comprising a 
separate solvent supply that is selectively placed in fluid communication with said reaction 
module by said first supply valve, under control of the system controller, to enable a solvent 
to flow from said separate solvent supply into said reaction module. 

5. The automated sequential reaction system of Claim 4, further comprising a 
separate spent solvent reservoir, said separate spent solvent reservoir being adapted to contain 
a spent solvent that has been used to flush said sequential reaction system, said spent solvent 
reservoir being selectively placed into fluid communication with the reaction module by the 
output valve under control of said system controller, to enable a spent solvent to flow from 
the reaction module into said spent solvent reservoir. 

6. The automated sequential reaction system of Claim 4, further comprising an 
automated detector disposed between the output valve and the reaction module and coupled 
to the system controller, said automated detector providing an output signal to the system 
controller that is indicative of whether a spent solvent or a desired chemical product is 
flowing from the reaction module, said system controller responding to the output signal to 
actuate the output valve to: 
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(a) selectively couple the reaction module in fluid communication with the 
automated product collector if the output signal indicates that a desired product is flowing 
from the reaction module; and 

(b) selectively couple the reaction module in fluid communication with the 
spent solvent reservoir if the output signal indicates that a spent solvent is flowing from the 
reaction module. 

7. The automated sequential reaction system of Claim 1, further comprising a 
heat exchanger controllably connected to said system controller, said heat exchanger being 
coupled in fluid communication with the reaction module and providing a temperature 
conditioned fluid that circulates through the reaction module, enabling the system controller 
to control a temperature within said reaction module. 

8. The automated sequential reaction system of Claim 7, wherein said heat 
exchanger is disposed within said reaction module. 

9. The automated sequential reaction system of Claim 1, further comprising a 
pump having an inlet in fluid communication with said supply valve, and an outlet coupled in 
fluid communication with an inlet to the chemical reactor, said pump being controllably 
connected to said system controller to enable control of a flow of a first desired reactant into 
the chemical reactor. 

10. The automated sequential reaction system of Claim 1, wherein the reaction 
module includes a residence time chamber in fluid communication with an outlet of the 
chemical reactor, said residence time chamber providing additional time for a desired 
chemical product to be produced and having an outlet coupled in fluid communication with 
the output valve. 

1 1 . The automated sequential reaction system of Claim 1 , wherein said chemical 
reactor comprises a microreactor. 

12. The automated sequential reaction system of Claim 1, wherein said system 
controller includes a memory, a processor, and a user interface, said memory storing machine 
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instructions that define the automated sequence of steps and which are executed by the 
processor to effect automatic control of the automated sequential reaction system. 

13. The automated sequential reaction system of Claim 12, wherein said system 
controller comprises a personal computer. 

14. The automated sequential reaction system of Claim 1, further comprising a 
second supply valve, and a second automated reactant supply, said second automated reactant 
supply comprising a plurality of separate reactant chambers, each adapted to be filled with a 
different reactant, said second supply valve being automatically actuatable and connected to 
the second automated reactant supply to select a second desired reactant from among the 
plurality of separate reactant chambers included therein under control of said system 
controller, said first desired reactant and said second desired reactant being supplied to the 
reaction module to produce the desired product. 

15. An automated sequential reaction system for sequentially producing a plurality 
of different chemical products using selected desired reactants from among a plurality of 
different reactants, comprising: 

(a) a first automated fluid supply comprising a plurality of first separately 
addressable volumes that are selectively coupled in fluid communication with a first outlet, 
each volume being adapted to contain a different reactant; 

(b) a second automated fluid supply comprising a plurality of second 
separately addressable volumes that are selectively coupled in fluid communication with a 
second outlet, each volume being adapted to contain a different reactant; 

(c) a chemical reactor in fluid communication with said first outlet to 
receive a first desired reactant therefrom and with said second outlet to receive a second 
desired reactant therefrom, said chemical reactor being generally configured for sequentially 
producing the plurality of different chemical products by reacting successive different first 
and second desired reactants; 

(d) a solvent supply adapted to contain a solvent and selectively provide 
the solvent to the chemical reactor for flushing the chemical reactor after each of the plurality 
of different chemical products has been produced thereby; 
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(e) an automated fluid collector comprising a plurality of separate fluid 
volumes, each fluid volume being selectively coupled to the chemical reactor to receive a 
different chemical product therefrom; 

(f) a spent solvent reservoir that is selectively coupled in fluid 
communication with the chemical reactor, to receive a spent solvent that was used for 
flushing the chemical reactor after each different desired chemical product has been produced 
thereby; and 

(g) a system controller controllably connected to the first automated fluid 
supply, the second automated fluid supply, the solvent supply, the chemical reactor, the spent 
solvent reservoir, and the automated fluid collector, said system controller being programmed 
to monitor and control production of each of the plurality of different desired chemical 
products by the automated sequential reaction system, including controlling the first 
automated fluid supply to select the first desired reactant, controlling the second automated 
fluid supply to select the second desired reactant, controlling the chemical reactor to 
automatically produce each successive different desired chemical product from successive 
first and second desired reactants, controlling the automated fluid collector to direct each 
different desired chemical product into a different fluid volume, and controlling the solvent 
supply and the spent solvent reservoir so as to flush the chemical reactor after the production 
of each different desired chemical product, and collect the spent solvent used to flush the 
chemical reactor after the production of each different desired chemical product. 

16. The automated sequential reaction system of Claim 15, further comprising a 
pump in fluid communication with said first outlet of said first fluid supply, with said second 
outlet of said second fluid supply, and with said chemical reactor, said pump being 
controllably connected to said system controller, which controls a flow rate of the first and 
second desired reactants through said automated sequential reaction system with the pump. 

17. The automated sequential reaction system of Claim 15, further comprising a 
residence time chamber in fluid communication with an outlet of said chemical reactor, said 
residence time chamber providing additional time for a chemical product to be produced and 
having an outlet coupled in fluid communication with the automated fluid collector and the 
spent solvent reservoir. 
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18. The automated sequential reaction system of Claim 15, further comprising a 
detector in fluid communication with an outlet of said reactor; said detector producing a 
signal indicative of the type of fluid being discharged, said detector being controllably 
connected to said system controller; said system controller directing a spent solvent to said 
spent solvent reservoir and a desired chemical product to said automated fluid collector. 

19. The automated sequential reaction system of Claim 15, further comprising a 
heat exchanger controllably connected to said system controller, said heat exchanger being 
coupled in fluid communication with the chemical reactor and providing a temperature- 
conditioned fluid that circulates through the chemical reactor, enabling the system controller 
to control a temperature within said chemical reactor. 

20. A method for producing a substance library of different chemical products in 
an automated manner, said method comprising the steps of: 

(a) providing a chemical processing system that includes a first 
automatically controlled reactant supply containing a plurality of reactants and an 
automatically controlled chemical reactor; 

(b) injecting a first reactant selected from said reactant supply into said 
reactor, said chemical reactor causing the first reactant to undergo a chemical transformation 
to produce a first desired chemical product; 

(c) delivering said first desired chemical product into a first collection 

volume; 

(d) injecting a subsequently selected reactant from said reactant supply 
into said chemical reactor, said chemical reactor causing the subsequently selected reactant to 
undergo a chemical transformation to form another desired chemical product; 

(e) delivering the other desired chemical product into a different collection 
volume that does not yet include any desired chemical product; 

(f) repeating steps (d)-(e) until all desired chemical products have been 
delivered into different collection volumes, thereby completing said substance library. 

21 . The method of Claim 20, further comprising the step of flushing said chemical 
processing system with a solvent before injecting any reactant into said chemical reactor, to 



CELLOO 17-1-1 27/00 1 7ap.DOC 



SEQUOS 



-36- 



flush away any reactant residues from a prior reaction that might contaminate any of the 
desired chemical products subsequently produced. 

22. The method of Claim 20, further comprising the steps of: 

(a) providing a second automatically controlled reactant supply; 

(b) injecting at least one additional reactant from said second 
automatically controlled reactant supply into said chemical reactor when injecting any 
reactant selected from the first automatically controlled reactant supply; 

(c) repeating the previous two steps for each of said subsequently selected 
reactants injected from said first automatically controlled reactant supply, said at least one 
additional reactant reacting with the reactant selected from the first automatically controlled 
reactant supply to form the desired chemical products. 

23. The method of Claim 20, further comprising the step of automatically 
controlling said chemical processing system in accord with a software program, to 
automatically generate said substance library. 

24. A method for producing a substance library of chemical compounds 
comprising a plurality of different desired chemical products, said method comprising the 
steps of: 

(a) providing: 

(i) a chemical processing system that includes a plurality of 
reactant supplies, each containing a plurality of reagents, said plurality of reactant supplies 
being controlled in accord with a software program that identifies specific reactants required 
to produce the plurality of different desired chemical products; and 

(ii) a chemical reactor that is controlled in accord with the software 
program to successively produce the plurality of different desired chemical products; 

(b) automatically selecting reactants to be supplied from the plurality of 
reactant supplies to produce one of the plurality of different desired chemical products; 

(b) automatically injecting any reactant thus selected to produce said one 
of the plurality of different desired chemical products into said chemical reactor, said 
chemical reactor being controlled to cause a chemical transformation of any reactant that has 
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been selected and injected so as to form said one of the plurality of different desired chemical 
products; 

(c) delivering said one of the plurality of different desired chemical 
products into a selected collection volume provide therefore; 

(d) automatically repeating steps (b)-(c) in accord with the software 
program until the plurality of different desired chemical products have been delivered into 
different selected collection volumes, thereby completing said substance library. 

25. The method of Claim 24, further comprising the step of flushing said chemical 
processing system with a solvent before steps b-c are repeated, to ensure that no reactant 
residues from a prior reaction are present to contaminate a next desired chemical product. 

26. The method of Claim 24, further comprising the step of automatically 
controlling said chemical processing system in accord with a software program, to generate 
said substance library. 

27. A method for producing a desired chemical product using a series of 
sequential reactions, said method comprising the steps of: 

(a) providing an automated chemical processing system that includes a 
plurality of reactants and a plurality of chemical reactors that are automatically controlled to 
carryout the following processing steps; 

(b) automatically selecting and injecting at least one selected reactant into 
a first chemical reactor, said first chemical reactor being operated so as to cause said at least 
one selected reactant to undergo a chemical transformation to produce an intermediate 
desired chemical product; 

(c) automatically sequentially injecting the intermediate product from the 
first chemical reactor into a successive chemical reactor from among the plurality of chemical 
reactors, with at least one other selected reactant, causing a further chemical transformation 
that produces a further chemical product, which may be said desired chemical product; and 

(d) if required, repeating step (c) with successive chemical reactors from 
among the plurality of chemical reactors and other selected reactants, until said desired 
chemical product is produced as a result of the chemical reaction, any such repetitive steps 
being automatically controlled. 
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SEQUENTIAL REACTION SYSTEM 
Abstract of the Disclosure 

An automated sequential reaction system that can be used to either sequentially 
produce a plurality of different products each requiring a single reaction, or to produce a 
desired product that requires a series of sequential reactions. A system controller controls an 
automated reactant supply, a solvent supply, a reaction module, a detector, and a product 
collector. Prior to initiating any reaction, the system is flushed with solvent and a heat 
exchanger supplies the reaction module with a temperature-conditioned fluid to maintain the 
reaction module at a desired temperature. For single reactions, a plurality of reactants are 
injected into a chemical reactor included in the reaction module. As fluid exits the chemical 
reactor, the detector determines if the fluid is a desired chemical product or solvent, and 
routes the fluid to the appropriate receptacle. Once a predetermined volume of a desired 
product is obtained, the system is flushed with solvent, and a different set of reactants are 
injected into the chemical reactor to produce the next desired product. The process is 
repeated until a substance library of the desired products is obtained. For products requiring 
sequential reaction steps, either a plurality of reactors are employed, or an intermediate 
product produced by a previous reaction is reintroduced into the reaction module with an 
appropriate reactant to complete the next sequential reaction. 
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